Background: Commercial spray-dried egg white (S-EW) is often used for oral immunotherapy (OIT). Peptifine® (PF), a commercial preparation of enzymatically-hydrolyzed egg white (EW) peptides, is considered safe OIT food.
Introduction
In Japan, hen's egg allergy is the most common food hypersensitivity identified in the pediatric population. 1 Food allergy with hen's egg generally are classified into type I allergic responses. Type I allergic responses are caused to the crosslinked structure between IgE on FcεRI in mast and basophilic cells and the allergen. 2 Then, these cells release various mediators such as histamine, cytokines, prostaglandins, and leukotrienes. These mediators induce the decrease of blood pressure and the drop of body temperature due to vascular relaxation, 1, 2 and the symptoms were called to anaphylactic shock. 1 Moreover, the anamnestic history of anaphylactic shock affect the food allergy quality of life with the patients and their guardians. 1, 3, 4 Therefore, it is expected that the amelioration of the severity of food allergy relieves the risk of anaphylactic shock and improves their quality of life. mixed for 1 h, filtered through a gauze, and freeze-dried (F-EW). All diets for the study were prepared in-house (Supplementary Table 1 ). All mice were fed 20% casein diet during allergic sensitization and after OIT for 4 weeks.
Care and treatment of the experimental animals were in accordance with the Mukogawa Women's University guidelines (Hyogo, Japan) for the ethical treatment of laboratory animals (no. FSN-01-2017-02-A). Female BALB/c mice [n = 51; 6-week old; 21.5 ± 0.1 g {means ± standard error (SE)}] were purchased from Clea Japan (Tokyo, Japan). Mice were maintained under specific-pathogen-free conditions, and housed at 22°C under 60% humidity, and a 12-h light (08:00-20:00) and dark (20:00-08:00) cycle. For the EW allergic mouse model, animals were sensitized as described elsewhere (Supplementary Figure 1) . 18 Forty-one mice were systemically sensitized to 100 μL of 1 mg/mL EW solution and 100 μL aluminum hydroxide gel (Imject™ Alum Adjuvant; Thermo Fisher Scientific Inc., Waltham, MA, USA) per mouse via intraperitoneal injections and triple oral allergen gavage (20 mg EW/mouse). Ten mice received an intraperitoneal injection of 100 μL saline and 100 μL aluminum hydroxide gel per mouse (non-allergy group). The establishment of the EW allergic mouse model was confirmed by determining plasma levels of ovalbumin (OVA)-specific IgE at 1 week before OIT (-1 week) and twice after an oral food challenge (OFC) before OIT. Forty-one EW allergic mouse model were divided into the experiment (n = 30) for OIT using diets supplemented S-EW or PF and the experiment (n = 11) for allergenicity of F-EW, S-EW and PF.
The OIT protocol was as described previously, 18 with some modifications (Supplementary Figure 1) . Body weight and food intake were daily measured at 10:00 for day 1-28. Sensitized mice (n = 30 total, with n = 10 per group) were housed individually in plastic cages and underwent 4 weeks of OIT with 1% PF diet (PF group) and 1% S-EW diet (S-EW group); the non-OIT mice were fed 20% casein diet. The non-allergy group mice were fed 20% casein diet for 4 weeks. One mouse in the S-EW group died during the course of OIT, and a mouse Oral immunotherapy (OIT), which aims to induce desensitization by continuous intake of food allergens, is a new approach to food allergy treatment. 1 However, Japanese pediatric guidelines do not recommend OIT because of the risk of inducing allergic symptoms during the treatment. 1 Food materials such as raw egg, commercial spray-dried egg white (S-EW) powder, 5 omelettes, 6 and egg white (EW)-containing cookies 7 and muffins 8 are used for OIT. However, the optimal OIT food has not yet been identified. Inuo reported that OIT involving the intake of partially hydrolyzed cow's milk protein-based formula safely improves tolerance to cow's milk in children with cow's milk allergy, compared to that with extensively hydrolyzed cow's milk protein-based formula intake. 9 In highrisk infants, the hydrolyzed formula is safer than cow's milk formula. 10 Thus, it is expected that peptides derived from allergens would be safe OIT food.
In an allergic mouse model, allergen-specific immunotherapy involving a hydrolyzed allergen or T-cell epitope peptides induced desensitization. [11] [12] [13] [14] [15] The Kewpie Egg Corporation sells peptifine® (PF), an enzymatically hydrolyzed EW powder. The hydrogen sulfide odor of PF is considerably lower than that of other hydrolyzed EW peptide preparations, and the bitter flavor of PF is weaker than that of hydrolyzed peptides from soybean and casein. 16 Generally, children are sensitive to bitter taste. Furthermore, some children with severe egg allergy feel nauseous after consuming cookies containing even trace amounts of egg. 17 Therefore, the ability of OIT food to suppress the characteristic smell and taste of the allergen is critical. In the current study, we determined the ability of PF to induce immune tolerance and/or oral desensitization after 4-week intake using an EW allergic mouse model and compared the therapeutic effect of PF with that of commercial EW powder. 
Methods

Diets, EW allergic mouse model, and OIT protocol
PF and S-EW were provided by the Kewpie Egg Corporation (Tokyo, Japan). Raw EW was diluted three times in water, in the non-OIT group died after intraperitoneal food challenge (IFC). Submandibular blood sampling 19 was performed at the mid-point of OIT (2 weeks) and 1 day after OIT (4 weeks). OFC was performed at 3 days after OIT (4 weeks). IFC was conducted 4 days after OIT. Within 3 days of IFC, five mice from each group were sacrificed under isoflurane anesthesia to obtain the plasma and spleen at the study endpoint. Plasma samples were stored at -40°C before analyses. At 4 days after IFC, vascular permeability was evaluated in the remaining animals (4-5 mice/group) according to published methods. 18, 20 
Allergen challenge
To quantitatively evaluate the severity of allergy in model mouse, we measured the change in the rectal temperature after OFC and IFC. OFC was performed as described previously, 18 with some modifications. Briefly, after an overnight fast, mice were orally challenged with 40 mg F-EW in 400 μL saline per mouse in the morning. Immediately before OFC and 15 min after OFC, rectal temperature was measured using a thermometer (KN-91-AD-1687-M; Natsume Seisakusyo Co. Ltd., Tokyo, Japan). IFC was performed as described, 18, 21 with some modifications. Thirty-nine mice were received an intraperitoneal injection of 0.2 mg and 1 mg F-EW in 200 µL saline per mouse. Immediately before IFC, and 30 min and 60 min after IFC, rectal temperature was measured using a thermometer (as mentioned above). Figure 1 . Mouse experimental protocol. The detailed methods have been described in the section on Diets, EW allergic mouse model, and OIT protocol. The EW allergic mouse models were prepared by two intraperitoneal sensitizations (100 μg EW + Alum) and three oral gavages (20 mg EW). Sensitized mice (n = 30 total, with n = 10 per group) underwent 4 weeks of OIT with 1% PF diet (PF group) and 1% S-EW diet (S-EW group); the non-OIT mice were fed 20% casein diet. Ten non-sensitized mice were fed 20% casein diet for 4 weeks (Non-allergy group). Oral food challenges (OFC; 40 mg F-EW) were performed at two points (before OIT, and at 4 weeks), and intraperitoneal food challenge (IFC; 200 μg F-EW) was performed after OIT. Mouse blood was collected under isoflurane anesthesia at -1, 2, and 4 weeks. Five mice from each group were sacrificed under isoflurane anesthesia to obtain the plasma and spleen at the study endpoint. At a later date, the remaining animals (4-5 mice/ group) were tested for vascular permeability.
Supplementary
Allergenicity of PF and S-EW were examined in the other mice sensitized with EW (n = 11). Two days after OFC with F-EW, after an overnight fast, the mice were orally administered 40 mg PF and S-EW in 400 µL saline per mouse in the morning. Immediately before and 15-90 min (at 15-min intervals) after oral administration, rectal temperature was measured using a thermometer, as described above.
F-EW, S-EW and PF characteristics
F-EW, S-EW and PF were analyzed using sodium dodecyl sulfate polyacrylamide-gel electrophoresis (SDS-PAGE) per the Laemmli method. 22 Protein separations were performed on 5-20% gradient SDS-PAGE (ATTO Corporation, Tokyo, Japan). Disulfide bridges in samples were reduced by heating (95°C, 2 min) in 1 × SDS-PAGE sample buffer containing 2 w/v % SDS, 5 v/v % 2-mercaptoethanol, and 10 v/v % glycerol. After SDS-PAGE, proteins were detected by silver staining (Wako Pure Chemical Industries, Ltd. Osaka, Japan), following the manufacturer's instructions.
OVA and ovomucoid (OM) content in PF was determined using indirect enzyme-linked immunosorbent assay (ELISA). The diluted OVA (grade VI; Sigma-Aldrich, St. Louis, MO, USA) or OM, which was purified from EW by ethanol precipitation, standards and diluted PF solutions were coated in a 96-well flat bottom ELISA microplate (Nunc-Immuno Maxisorp, Thermo Fisher Scientific Inc) for overnight at 4ºC. After the blocking and washing, these standards and samples were 
IFC
(Cedarlane Laboratories) were transferred to a new tube. Extracellular staining was performed using fluorescein isothiocyanate (FITC)-conjugated anti-mouse anti-CD4 antibody (Clone; GK1.5, Biolegend), and intracellular staining was performed using Alexa 647-conjugated anti-mouse anti-Foxp3 antibody (Clone; 150D, BioLegend) according to the manufacturer's protocols. Cell signals were acquired using BD FACS Calibur and data were analyzed using Cell Quest Pro (BD Biosciences, Franklin Lakes, NJ, USA).
Vascular permeability assessment
The vascular permeability in dorsal skin can determine local allergic reactions. 20 Mice received an intravenous injection of 200 µL 1.5% FITC-albumin (Sigma-Aldrich) per mouse under isoflurane anesthesia and intradermal injections of EW (at two positions; 20 μg EW in 50 µL of Tyrode's solution per mouse) and Tyrode's solution (at two positions; 50 µL per mouse) on the shaved dorsal skin. After 30 min, the animals were sacrificed under isoflurane anesthesia to obtain the shaved dorsal skin and plasma samples. The fluorescent intensities of the dorsal skin and plasma extracts by formamide were measured using a fluorescent plate reader (Infinite M200; TECAN Ltd., Männedorf, Switzerland) with 485 nm excitation and 530 nm emission. The vascular permeability (50 µL plasma equivalent) was calculated as follows: EW, the mean of EW fluorescence value/plasma fluorescence value; Tyrode's, the mean of Tyrode's fluorescence value/plasma fluorescence value.
Statistical analysis
Values are presented as the means ± SE. 23 Statistical differences, except for the vascular permeability and allergenicity of F-EW, S-EW and PF data, were analyzed using one-way analysis of variance (ANOVA), followed by Tukey's multiple comparison test. Vascular permeability values were compared using repeated two-way ANOVA, followed by Bonferroni's multiple comparison test. Statistical differences of vascular permeability were assessed using one-way ANOVA, followed by Tukey's multiple comparison test in all columns if repeated two-way ANOVA indicated a group-point interaction. Data regarding the allergenicity of F-EW, S-EW and PF were analyzed using the paired t-test and Friedman's one-way ANO-VA. P values less than 0.05 were considered as statistically detected by rabbit anti-OVA polyclonal antibodies (Sigma-Aldrich) or rabbit anti-OM polyclonal antibodies in our laboratory. The signal was detected using horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG polyclonal antibodies (Bethyl Laboratories, Montgomery, TX, USA). The HRP reactions were performed immediately in a final step of ELISA assay and the HRP substrate was used o-phenylenediamine. The reference curves were prepared using standard OVA and OM, and the concentrations of OVA and OM in PF solution were determined.
Assessment of plasma levels of OVA-and OM-specific antibodies, and cytokine secretion in spleen lymphocyte culture
Plasma levels of OVA-and OM-specific IgE and IgA were determined using capture ELISA. 18 Mouse anti-OVA IgE monoclonal antibody E-G5 and mouse anti-OVA IgA monoclonal antibody 2G12E12 (Chondrex Inc., Redmond, WA, USA) were used as standards to determine the concentration of OVA-specific IgE and IgA. The levels of OM-specific IgE and IgA were presented as absorbance values at 492 nm. The dilution of OM-specific IgE and IgA were 1:50. The HRP substrate used was o-phenylenediamine. The HRP reactions were performed immediately in a final step of ELISA assay and HRP reaction time points for OM-specific IgE at all three points were 20 mins, and for OM-specific IgA at 2 and 4 weeks, and at endpoint were 20 min and 11 min, respectively.
Additionally, the levels of OVA-and OM-specific IgG1 and IgG2a were determined by indirect ELISA. 18 These results were described in Supplementary table 1 
and 2.
Spleen lymphocytes were isolated from spleen homogenates using Lympholyte-M [Lympholyte(R)-M Cell Separation Media, Cedarlane Laboratories, ON, Canada]. Cells each mice were plated at a density of 1.5 × 10 7 /well in Roswell Park Memorial Institute (RPMI)-1640 complete medium in 24-well plates. The cells were stimulated with F-EW (2 mg per well) and incubated at 37°C in the presence of 5% CO 2 for 48 h. Concentrations of interleukin (IL) 4, IL-10, and interferon (IFN) γ were assayed using ELISA (BioLegend, San Diego, CA, USA), according to the manufacturer's instructions.
Quantification of CD4 + Foxp3 + cells in spleen lymphocytes
To quantify the population of CD4 + Foxp3 + cells, 5.0 × 10 6 spleen lymphocytes per mouse isolated using Lympholyte-M 
Results
Nutritional effect of diet supplementation with S-EW or PF
Body weight at day 1 and day 28, and body weight change for day 1-28 were not different among the all groups (Supplementary Table 2 ). However, the daily food intake was lower in the S-EW group than in the non-OIT and PF groups although not significant (Supplementary Table 2 ).
Outcome of OIT after diet supplementation with S-EW or PF
There were no differences in the change in rectal temperature after OFC in the allergy groups prior to OIT (Figure 1A) .
The change in rectal temperature in non-OIT, S-EW and PF significant. GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA, USA) was used for all analyses. 
D.
groups after OFC at 4 weeks of OIT was comparable ( Figure  1B) . After IFC with 0.2 mg F-EW, the change in rectal temperature in the S-EW and PF groups was significantly suppressed than that in the non-OIT group (Figure 1C and 1D) . In addition, after IFC with 1 mg F-EW, the decrease in rectal temperature in non-OIT, S-EW and PF groups was comparable ( Figure  1C and 1E) . Furthermore, there was no significant difference in vascular permeability of skin injected with EW among the allergy groups (Figure 2) .
Allergenicity of F-EW, S-EW and PF in vivo and SDS-PASE analysis
In other eleven mice with EW allergy, the rectal temperature after OFC with F-EW and S-EW was significantly dropped B.
C.
than that before the challenge (Figure 3A and 3B) . However, the rectal temperature after OFC with PF did not decrease compared to before the challenge (Figure 3B) . Moreover, the change in rectal temperature after oral administration of PF significantly increased than that of F-EW and S-EW ( Figure  3C) . SDS-PAGE analysis of the S-EW solution revealed multiple bands of various sizes, and the S-EW protein pattern was different from that of raw EW and F-EW ( Supplementary  Figure 2) . On the other hands, a faint 45 kDa band in the PF lane was observed, and was consistent with the main band of the resolved OVA solution (Supplementary Figure 2) . The OM and OVA concentrations in 1 mg/mL solution of PF were < 0.2 µg/mL and 19.9 µg/mL, respectively.
Change in the plasma levels of OVA-and OM-specific antibodies in the EW allergic mouse fed S-EW or PF-containing diet
Plasma levels of OVA-specific IgE in the PF group at 2 weeks and 4 weeks of OIT were lower than those in the non-OIT and S-EW groups, although not significant ( Table 1) . However, at the study endpoint, they were comparable to those of the non-OIT, S-EW and PF groups ( Table 1) . Plasma levels of OM-specific IgE at 2 weeks of OIT were higher in the S-EW and PF groups than in the non-OIT group, although not significant ( Table 2) . However, at 4 weeks of OIT, plasma levels of OM-specific IgE in the S-EW and PF groups were lower than those in the non-OIT group, although not significant ( Table 2) . At the study endpoint, there were no differences in plasma levels of OM-specific IgE among the non-OIT, S-EW and PF groups ( Table 2) .
Plasma levels of OVA and OM-specific IgA in the PF group at 2 weeks and 4 weeks of OIT, and at the study endpoint were comparable to those of the non-OIT group (Table 1 and 2) . However, the plasma levels of OVA-specific IgA in the S-EW group at 2 weeks and 4 weeks of OIT, and at the study endpoint were significantly higher (approximately 3-, 6-, and 2-fold, respectively) than those in the non-OIT group ( Table  1) . Furthermore, the plasma levels of OM-specific IgA in the S-EW group at 2 weeks and 4 weeks of OIT were significantly higher than those in the non-OIT and PF groups (Table 2). In contrast, at the study endpoint, the plasma levels of OM-specific IgA in the S-EW group were comparable with those in the non-OIT and PF groups ( Table 2) .
At the study endpoint, OVA-specific IgG1 in plasma lower in the S-EW and PF groups compared to the non-OIT group (Supplementary Table 3) . On the other hands, at 2 weeks, the plasma levels of OM-specific IgG2a were higher than that of the non-OIT and PF groups ( Supplementary Table 4 ). Table 2 . Absorbance at 492 nm of plasma OM-specific IgE and IgA at 2 weeks, 4 weeks, and study endpoint 1 1 Data are presented as mean ± SE (n = 4-5). The dilution rate was 1:50. The HRP substrate used was o-phenylenediamine. 2 Statistical analysis were performed using one-way ANOVA, followed by Tukey's multiple comparison tests. P values less than 0.05 were considered as statistically significant. Significantly differences are indicated by different lower-case letters (a, b, c), at p < 0.05.
Supplementary Figure 2. SDS-PAGE analysis of raw EW, F-EW, S-EW and PF. For the SDS-PAGE, 1.5 μg/lane of OVA (grade VI;
HRP
Reaction times
Non-allergy Allergy
P-value 2 Non-OIT S-EW PF 2 weeks
OVA-specific IgG1 10 min 0.000 ± 0.000 b 0.488 ± 0.052 a 0.367 ± 0.030 a 0.422 ± 0.029 a < 0.001 OM-specific IgG1 15 min 0.001 ± 0.000 b 0.332 ± 0.080 a 0.272 ± 0.057 a 0.353 ± 0.044 a < 0.001 Supplementary Table 3 . Absorbance at 415 nm of plasma OVA-specific IgG1 at 2 weeks, 4 weeks, and study endpoint 1 1 Data are presented as mean ± SE (n = 4-5). The levels of OVA-and OM-specific IgG1 were determined by indirect ELISA. The coating concentrations of antigens were 1 μg/mL in the ELISA plates. The following secondary antibodies were used: HRP-conjugated goat anti-mouse IgG1 (Bethyl Laboratories). The dilution rate was 1:50,000. The HRP substrate used 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid ammonium salt). 2 Statistical analysis were performed using one-way ANOVA, followed by Tukey's multiple comparison tests. P values less than 0.05 were considered as statistically significant. Significantly differences are indicated by different lower-case letters (a, b, c), at p < 0.05.
Non-allergy
Allergy Table 1 . Plasma concentrations of OVA-specific IgE and IgA at 2 weeks, 4 weeks, and study endpoint 1 1 Data are presented as mean ± SE (n = 4-5). 2 Statistical analysis were performed using one-way ANOVA, followed by Tukey's multiple comparison tests. P values less than 0.05 were considered as statistically significant. Significantly differences are indicated by different lower-case letters (a, b, c), at p < 0.05.
Table 3. Concentrations of IFN-γ, IL-4, and IL-10 following in vitro stimulation of spleen lymphocytes with F-EW, and the percentage of CD4 + Foxp3 + cells in spleen lymphocytes 1
Non-allergy
Allergy that continuous intake of PF induced mild desensitization. The vascular permeability in dorsal skin can determine local allergic reactions. 20 The index relates the local histamine levels. However, in the experiments, there was no significant difference in vascular permeability among the non-OIT, S-EW and PF groups. Moreover, in our previous study, similar results were obtained. 18 Yamaki et al reported that histamine-induced serum exudation in the back skin increased from 0.31 to 1.25 mg histamine/site in a dose-dependent manner and reached a plateau at 1.25-2.5 mg histamine/site. 20 Therefore, we considered that the vascular permeability did not differ between the non-OIT, S-EW and PF groups because the therapeutic effects of OIT with S-EW or PF was not dramatic and was mild.
In this study, consumption of a diet supplemented with 1% S-EW did not induce oral desensitization in a mouse model of EW allergy. This treatment effect in the S-EW group was weaker than that reported for 1% F-EW group in our previous study. 18 Freeze-dry is a non-thermal drying method, and spray-dry is a thermal drying method. Handa and Kuroda showed that the incubation period required for sterilizing and improving the gelling properties of S-EW powder in the manufacture of S-EW promoted the Maillard reaction in the S-EW powder. 28 Moreover, during the heating treatment in manufacture of S-EW, EW protein-glucose complexes were formed. 28 In this SDS-analysis, the bands of S-EW was broad and high molecular compared with raw EW and F-EW. The heat treatment reduced IgE binding to OVA, and the Maillard reaction reduced IgE binding to OVA in experiments involving human serum. 29 Furthermore, heated egg disrupts the IgE-reactive epitopes in OVA, and is susceptible to digestion. 30 Hence, it appears that different drying methods alter the characteristics of the allergen and affect the therapeutic effects of OIT.
IgE is the most important antibody in allergic disease. 1, 2 The production of IgE and IgG1 is related to T h 2 cells. T h 2 cells release IL-4 and IL-10, 31 and IL-4 promotes the production of IgE and IgG1 by B-cells. 2 In this study, the plasma levels of OVA-specific IgE and IgG1 and OM-specific IgE were slightly lower in the PF group than in the non-OIT groups. Furthermore, IL-4 secretion from spleen lymphocytes treated with EW was significantly lower in the PF group than in the non-OIT group. Regulatory T-cells (Tregs) abundantly produce IL-10 but not IL-4. 31 IL-10 inhibits the allergen-induced proliferative response of T h 2 cells by IL-4. 32 Moreover, Treg cells control T h 2 responses through the IRF4 interaction with Foxp3. 33 There was no significant difference in the concentration of IL-10 in splenocyte cultures derived from the PF and non-OIT groups despite significant differences in the concentration of IL-4 in the two groups. Thus, IL-10 in the PF group may have been released by Tregs. Furthermore, the percentage of CD4 + Foxp3 + splenocytes in the PF group was significantly higher than that in the non-OIT groups. Therefore, we considered that continuous intake of PF promoted Treg differentiation. IFN-γ, a T h 1 cytokine, selectively inhibits the proliferation of T h 2 cells. 32 In this experiments, IFN-γ secretion from spleen lymphocytes treated with EW was higher in the S-EW group than in the non-OIT group. Moreover, the IL-4 secretion and the plasma levels of OVA-and
Cytokine secretions and CD4 + Foxp3 + cells in spleen lymphocytes of the EW allergic mouse model fed S-EW or PF-containing diet
In the spleen lymphocyte culture with EW, the concentration of IFN-γ, which is a cytokine secreted by helper T1 (T h 1) cells, 2 was higher in the S-EW group than the non-OIT and PF groups although not significant ( Table 3 ; p = 0.053). The concentration of IL-4, which is a cytokine produced by helper T2 (T h 2) cells, 2 was significantly lower in the PF and S-EW groups than in the non-OIT group ( Table 3) . Furthermore, the IFN-γ/IL-4 ratio, which reflects the T h 1/T h 2 balance, was significantly higher in the S-EW and PF groups than in the non-OIT group ( Table 3 ). There were no differences in the concentration of IL-10, which is an immune suppressor cytokine, 2 between the allergy groups ( Table 3) . However, the percentage of CD4 + Foxp3 + splenocytes, which reflects the Treg population, in the PF group was significantly higher than that in the non-OIT and S-EW groups ( Table 3 ).
Discussion
We investigated the ability of PF to induce immune tolerance and/or oral desensitization after 4-week intake in a mouse model of EW allergy and compared the therapeutic effect of PF with that of S-EW. Moreover, we measured the severity of food allergy by the change of rectal temperature after OFC and IFC because the various released allergic mediators induce the decrease of blood pressure and the drop of body temperature due to vascular relaxation. On the other hands, we did not use assessments by allergic symptom grades because the grades are subjectively observed and the grade judgement is difficult since a part of allergic symptom grades are indistinguishable to the behavers of mouse such as scratching and sleeping.
The mechanisms of oral tolerance are not completely clear. However, it is considered to relate the anergy (functional unresponsiveness), active immune suppression, and Treg mediated suppression. 2 Therefore, we are thinking that a continuous allergens or peptides intake by OIT induces these phenomena.
In an allergic mouse model, allergen-specific immunotherapy involving a hydrolyzed allergen or T-cell epitope peptides induced desensitization. [11] [12] [13] [14] [15] In this study, after IFC with 0.2 mg F-EW, the change in rectal temperature in the PF groups was significantly lower than that in the non-OIT group. Lozano -Ojalvo et al reported that the hydrolysated egg white protein modulated immune-cell responses. 24, 25 Moreover, they reported the hydrolysate of OVA with pepsin was more useful for oral tolerance and OIT than the intact OVA in an EW allergic mouse model. 15 By contrast, a report showed that in a mouse model of EW allergy, the induced level of oral tolerance is comparable between raw egg and 5-fold hydrolyzed egg groups. 26 Compared to those in the 1% F-EW group of our previous study, 18 the desensitization in the 1% PF group was lower. It was reported that differences in the number and type of amino acids in the peptide affect the therapeutic effect by allergen-specific immunotherapy. 11, 12 Then, it needs to compare kinds of peptide in hydrolysated EW protein. On the other hands, a low allergenicity of hydrolysated proteins are consistent in almost studies. 10, 15, 27 In this study, the allergenicity of PF was also lower than that of F-EW and S-EW in vivo. These results suggest that PF is safe as OIT food and OM-specific IgG1 in the S-EW group were lower than those of the non-OIT group. The IFN-γ/IL-4 ratio was significantly higher in both the S-EW and PF groups than in the non-OIT group. Therefore, it was suggested that diet supplemented with S-EW improved T h 1/T h 2 imbalance through the promotion of T h 1 differentiation and the induction of IFN-γ production. Furthermore, we considered that the mechanism of improvements of T h 1/T h 2 imbalance differed between the S-EW and PF groups.
A correlation between desensitization and serum levels of allergen-specific IgA has been reported. 7, 34 However, in this study, we anticipated that a fed allergen might be promoting allergen-specific IgA production. We observed that plasma levels of OVA-specific IgA in the S-EW group were highest at 4 weeks of OIT, and the levels at the study endpoint rapidly decreased from the end of OIT. Furthermore, there were no differences in the plasma levels of OVA-and OM-specific IgA in the PF group compared to that in the non-OIT group at the three points. A report shows that serum allergen -specific IgA was not associated with natural or induced tolerance to egg white in children with egg allergy. 35 We could not conclude whether the IgA increase was directly related to the OIT-mediated desensitization. Therefore, additional OIT experiments and studies are required before serum levels of allergen-specific IgA can be used as a biomarker of OIT outcome.
Conclusions
Our data indicated that diet supplemented with 1% PF mildly ameliorated the severity of allergy in a mouse model of EW allergy, and that continuous intake of PF promoted Treg differentiation. PF might replace S-EW as OIT food for patients with egg allergy as it is safer than S-EW and the obtained desensitized effects by PF intake were comparable to that of S-EW. However, it needs more experiments or clinical trials to demonstrate the PF is better than S-EW because of not enough evidences of desensitization by intake of PF. The limitation in this study was that we did not prepare the group fed diet supplemented with 1% F-EW as the OIT control. Future, it needs to examine the dose-response desensitization of OIT utilizing diet supplemented PF compared F-EW and to elucidate the detail molecular mechanism of desensitization by intake of PF.
